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Source: https://medium.com/quantum-outreach/tagged/einstein

https://medium.com/quantum-outreach/tagged/einstein


Part 1 

Why? 
Not Wye*

*For “Prelude to Foundation” fans
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Again: Why go alternative?

Main reason: scientific curiosity!

Administrative reason: To obtain a MS degree!

Scientific reason: Had never been attempted 
before!

First step: isolated neutron stars!

- Because alternative music is awesome!



Modifications: the arrival

- Stellar evolution: structure & energy transport

Gμν =
8πG
c4

Tμν

gμν(eΦ, eΛ)

≈ Time Independent

∇μ(nBuμ) = 0

∇μ(suμ) = Γheat − Γcool

(Baryonic mass conservation)

(Entropy equation)

Time Dependent

Fμ = − KΠμν [∂νT + Taν]
(Flux)
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Modifications: the arrival

- Stellar evolution: structure & energy transport

Gμν =
8πG
c4

Tμν

gμν(eΦ, eΛ)

≈ Time Independent
(However, these equations will be 

affected as well by different 

structure!)

Matter-gravity 

coupling is 

another possibility 

(but requires 

special care!)

∇μ(nBuμ) = 0
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Modifications: learning to fly

Gμν =
8πG
c4

Tμν

(How are alternative theories of gravity constructed?)

Instead of , focus on the Lagrangian density ℒgrav

and the “least” action principle δS = 0

(In a sense, a copy-paste from particle physics)

ℒgrav, Hilbert−Einstein ∝ R

ℒgrav,new ∝ f(R) + f(Other fields)

ℒgrav,attemped ∝ R + αR2

Recipe: 
1. Construct your Lagrangian, 
2. Derive the equations for the 

structure 
3. Solve the equations for structure!
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“New” equations of 
structure
- Second order ODEs

(remaining 1D!)
- Scalar curvature becomes a “new” 
independent variable 

- “Free” parameter α
α ∼ 1014 cm2

to observe differences with GR

NO “experimental” consensus: 
α ∼ 10−6 cm2

α ∼ 1015−19 cm2

Earth deviations from Newton

Gravity Probe B & Binary pulsar 
PSRJ0737-3039

Structure has been 
shown as completely 

different in perturbative 
vs non-perturbative 
schemes, so maybe 
Earth experiments 

cannot “constraint” this 
value



Modifications: the revival

- Stellar evolution: structure & energy transport

Gμν =
8πG
c4

Tμν

gμν(eΦ, eΛ)

≈ Time Independent

∇μ(nBuμ) = 0

∇μ(suμ) = Γheat − Γcool

(Baryonic mass conservation)

(Entropy equation)

Time Dependent

Fμ = − KΠμν [∂νT + Taν]
(Flux)

No change in 

energy transport = 

NSCool can be 

safely used!

No jacket required!*

*For Phil Collins fans. (Yet, Genesis was better with Peter!)



Checking old results: maximum mass 
increases!



First (big) result: alternative gravity still 
requires microphysical stuff!



EOS and superfluidity > gravity





(For now)



For further information:



FINAL REFLECTIONS
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EXTRA SLIDES



Something to 
look out for: 
potential 
stiffness in the 
structure 
equations?



Cassiopeia A (or how fast cooling > gravity)


